Leading article
Intraoperative abdominal ultrasound Although radiologists have been using ultrasound for 30 years it is only recently that surgeons have started to apply an ultrasound probe to the organs ofthe abdomen that are not so easily examined by conventional palpation. Intraoperative ultrasound provides the surgeon with interesting pictures but does it actually provide additional information? Does its use contribute to changes in patient management or even improve patient survival? Should its use be confined to a few centres and is it cost effective?
The resolution of detail by ultrasound depends on the tissue attenuation and the frequency of the transducer used. ' Resolution can be improved by increasing the frequency of the ultrasound beam but at the expense of decreasing the image depth. A 5 mm cyst 4 cm deep within the liver might be missed by a 3 5 mHz transducer on the liver surface but seen with a 7 mHz transducer, whilst a 10 mm cyst 10 cm from the probe might be visualised by a 3 5 mHz transducer but missed by a 7 mHz transducer.
Intraoperative ultrasound can accurately localise renal calculi at surgery2 and determine the extent of invasion of gastric cancers and therefore the degree of radical lymph node dissection necessary and the site of the stomach resection line at gastrectomy.3 The main use of intraoperative abdominal ultrasound, however, has been in imaging the pancreas, bile ducts, and liver.
The pancreas is a difficult organ to image preoperatively but at surgery, with good mobilisation, detection of any abnormality by palpation would seem to be straightforward. Plainfosse et al have shown that of 22 16 Injection of dye into the segment and occlusion of the feeding vein by a balloon at the tip of the cannula outlines the segment to be resected and occludes its blood flow so allowing the surgeon to carry out a bloodless resection as well as reduce the amount of liver that is resected. Bismuth et al have shown that the use of intraoperative ultrasound has altered their management in 26% of patients undergoing laparotomy for liver tumours.'7 Makuuchi et al have described a large series of patients undergoing laparotomy for proposed liver resection. For the detection of hepatocellular carcinomas less than 5 cm in diameter intraoperative ultrasound had a sensitivity better than preoperative ultrasound, angiography or computed tomography. Intraoperative ultrasound was also more accurate at detecting intrahepatic metastases and tumour thrombi. Sixty five per cent of their patients with small hepatocellular carcinomas associated with cirrhosis had invisible and impalpable tumours which were only localised at surgery by intraoperative ultrasound. "8 Up to 30% of patients undergoing an apparently curative resection of a carcinoma of the colon or rectum have occult liver metastases at the time of their bowel resection.'9 Contact ultrasound of the liver performed at necropsy has the ability to detect liver metastases down to a diameter of 5 mm20 and therefore intraoperative ultrasound should be able to detect a certain proportion of occult metastases which are impalpable at surgery either because they are too small to be felt or because they exist in an impalpable part of the liver.
Boldrini et al have examined the systematic use of intraoperative ultrasound during surgery for colorectal cancer.2' Of 86 patients scanned, metastases were diagnosed in 21 patients and intraoperative ultrasound detected metastases in two patients which were not detected by palpation, preopera- 
